Abstract: Cerebrospinal fluid (CSF) shunts for the treatment of hydrocephalus are generally made of silicone rubber. The growth of bacterial colonies on the silicone surface leads to frequent CSF shunt complications. A systematic study of the effect of the surface modification of silicone on Staphylococcus epidermidis adhesion and colonization was performed for different incubation times by means of colony counting and scanning electron microscopy (SEM). Silicone was modified with different biopolymers and silanes, including heparin, hyaluronan, octadecyltrichlorosilane (OTS), and fluoroalkylsilane (FAS) to provide a stable and biocompatible surface with different surface functional groups and degrees of hydrophobicity. The modified silicone surfaces were studied by using contact angle measurements, X-ray photoelectron spectroscopy (XPS), and atomic force microscopy (AFM). After 4 and 8 h of incubation, the FAS-and OTS-coated silicone and the hyaluronan coated OTS/silicone surfaces showed significantly reduced bacterial adhesion and colonization compared to blank silicone by both quantification methods. However, the heparin coated OTS/silicone showed significantly increased bacterial adhesion. These results indicate that the nature of the surface functional group and surface roughness determine the extent of bacterial adhesion and colonization. However, the degree of hydrophobicity of the surface did not appear to play a determining role in bacterial adhesion and colonization.
INTRODUCTION
Recent statistics from the US Center for Disease Control and Prevention indicate that hydrocephalus affects about one out of every 1,000 births. Hydrocephalus is a lifelong condition since the patient is treated with cerebrospinal fluid (CSF) ''shunt'' catheters rather than ''cured''. However, complications with CSF shunts often occur. Approximately 70% of shunts fail within 10 years of placement, and 85% of shunt-dependent patients have had at least two shunt revisions. 1, 2 Recently, the overall cost for shunt treatment was estimated at $1 billion per year in the United States. 3 Among CSF shunt complications, tissue obstruction (31.4%) and infection (8.1%) are the two most common causes. 4 The reported frequency of infected shunt varies from 2 to 31% with an average of 10-15%. [5] [6] [7] [8] [9] Infants under 6 months have a higher incidence of infection (15-25%) than older children and adults (3-5%). 10 Most shunt infections occur within 30 weeks after surgery; 71% appeared within 4 months of shunt placement, and 90% occur within 6 months. 11, 12 Shunt infections are generally believed to be due to microscopic contamination at the time of implantation, caused by isolated microorganisms 6, 13 which are derived mainly from the patient's skin flora. Over 40% of shunt infections are caused by Staphylococcus epidermidis (S. epidermidis), 14, 15 which is one of the most common coagulase negative staphylococci isolated from medical device infections. The bacterium is an opportunistic pathogen and produces an extracellular slime that binds well to shunt surfaces and leads to shunt infection. 16 Also it has been shown in an in vivo study that infection is more likely with a greater inoculum of bacteria. 17 Thus, reducing the number and colonization of bacteria that adhere to shunts should reduce the risk of infection.
Despite the advancement of modern neurosurgical techniques and prophylactic use of antibiotics, bacterial infections still result in shunt blockage and malfunction. With regards to the mechanism of shunt infection, the silicone elastomer in shunts seems to enhance the virulence of microorganisms. [18] [19] [20] Previous studies have demonstrated that an antimicrobial-impregnated shunt reduced the incidence of CSF shunt infection. [21] [22] [23] [24] [25] [26] In our earlier study, rifampicin cast molded silicone inhibited the growth of bacterial adhesion significantly. 27 Modification of material surfaces with various biocompatible polymers has been frequently attempted in order to decrease bacterial adhesion. Heparin 28, 29 has been claimed to reduce bacterial attachment, and hyaluronan coated on poly(ethyleneterephthalate) (PET) by a photoimmobilization method has been reported to reduce platelet adhesion and thrombus formation. 30 Alkyl-and fluoroalkyl-substituted silanes have been used to form smooth, stable, and reproducible silane films of monolayer thicknesses. 31, 32 The self-assembled monolayer (SAM) produced a hydrophobic surface 33, 34 and the longer fluorocarbon chain was associated with reduced bacterial adhesion. 35, 36 There are many factors that have been thought to influence bacterial adherence to biomaterial surface, including the chemical composition of the material, surface hydrophobicity, surface roughness, and surface charge. 37 However, the specific characteristics of a surface have not been fully elucidated and conflicting results have been reported. For example, a hydrophilic surface has been reported to reduce bacterial adhesion while bacteria adhered strongly to the most hydrophobic materials. 38, 39 On the other hand, Price et al. 35 suggested that hydrophobicity was not a significant factor.
The objective of this study was to systematically evaluate the effect of the surface modification of silicone rubber on bacterial adhesion and colonization. Octadecyltrichlorosilane (OTS, CH 3 (CH 2 ) 17 SiCl3,) and trichloro(1H,1H,2H,2H-perfluoroctyl)silane (FAS, CF 3 (CF 2 ) 5 (CH 2 ) 2 SiCl 3 ,), which have long lengths of alkyland fluroalkyl-silane molecules, were coated on silicone to provide different degrees of hydrophobicity. Heparin and hyaluronan were used to change the hydrophobic silicone surface to hydrophilic. Heparin and hyaluronan were coated on silicone using a photoimmobilization method because previous studies have demonstrated that photoimmobilized heparin on silicon shows superior stability. 40 
MATERIALS AND METHODS

Microorganism
The S. epidermidis strain ATCC 35984 was obtained from ATCC (American Type Culture Collection, Manassas, VA).
It was isolated from a catheter sepsis case. S. epidermidis were streaked and grown on tryptic soy agar (TSA, Difco Laboratories, Detroit, MI) from a frozen stock. The plate was then maintained at 48C for no longer than 2 weeks. The culture was grown in 30 mg/mL tryptic soy broth (TSB, Difco Laboratories, Detroit, MI) to mid log phase at 378C at a 300 rpm shaker speed. The optical density at 600 nm was measured, and the bacterial concentration was adjusted to 1.0 Â 10 8 CFU/mL (OD 600 ¼ 0.20) in TSB.
Materials
Silastic silicone sheets (thickness, 0.4 mm) were obtained from Specialty Manufacturing (Saginaw, MI) and were cut into uniform 21 mm diameter disks. Octadecyltrichlorosilane (97.5%) was purchased from United Chemical Technologies (Bristol, PA). Heparin, hyaluronan, trichloro(1H,1H,2H, 2H-perfluoroctyl)silane (97%), 1-3-Dimethylaminoprppyl-3-ethylcarbodiimide hydrochloride (98% water-soluble carbodiimide, WSC), 4-azidoanilinehydrochloride (97%), glutaraldehyde (50 wt %), and phosphate-buffered saline (PBS: NaCl: 0.138M, KCl: 0.0027M; pH 7.4) were obtained from Sigma-Aldrich (St. Louis, MO). Ethyl alcohol (200 Proof, absolute, dehydrated) was purchased from Pharmco Products Inc. (Brookfield, CT). Sodium chloride (NaCl) was obtained from Fisher Scientific (Pittsburgh, PA). All chemicals were used without further purification.
Coating
Surface modification of silicone with OTS
The silastic disks were cleaned by immersion in anhydrous ethyl alcohol in an ultrasonic cleaner (Branson 2200, Danbury, CT) for 5 min, and dried with nitrogen. The samples were then treated by oxygen plasma cleaner (PDC-3XG, Harrick Scientific Corporation, Ossining, NY) for 5 min at high level. Subsequently, the oxygen plasma-treated silicone samples were placed with only one surface exposed together with a glass cup filled with 1 mL OTS into a sealed chamber (3 L) at 10 À3 Torr and at room temperature for 4 h. The samples remained in the sealed chamber with OTS at 10
À2
Torr for an additional 12 h. Only the exposed surface was modified with an OTS SAM layer.
Photoimmobilization of heparin and hyaluronan on OTS modified silicone Heparin, WSC, and 4-azidoanilinehydrochloride at a weight ratio of 2.35:1.29:1 were dissolved in deionized water (DI water) to make a 0.5% solution. The pH of the solution was adjusted to 4.70-4.75 using 2.3N NaOH and 0.1N NaOH solutions at room temperature, and then stirred at 48C for 24 h. A 0.2 % aryl azido-modified hyaluronan solution was prepared by the same method except that the weight ratio was 2.16:1.64:1. All of the reactions were carried out in a dark room. The OTS on silicone samples were illuminated with a mercury vapor UV lamp (175 Watts, Regent Lighting, Burlington, NC) for 10 min at a distance of 10 cm in the presence of the aryl azido-modified heparin or hyaluronan solution. The samples were then rinsed with DI water for 48 h.
Surface modification of silicone with FAS
The silastic disks were cleaned by immersion in anhydrous ethyl alcohol in an ultrasonic cleaner for 5 min, and dried with nitrogen. The samples were then treated by oxygen plasma cleaner for 5 min at high level, and then FAS was deposited on the silicone surface by chemical vapor deposition for 5 min at room temperature under a vacuum of 10 À3 Torr. The samples were then maintained in the sealed chamber with FAS at 0.3 Torr for an additional 4 h.
Characterization
In vitro stability tests and contact angle measurements
In order to determine the stability of the coatings, OTS/ silicone, FAS/silicone, heparin/OTS/silicone, and hyaluronan/OTS/silicone samples were each placed in 5 mL of 0.9% NaCl solution at 378C for various periods of time. After 5, 10, 20, and 30 days, the samples were retrieved and rinsed with DI water copiously. Contact angles of the samples were then measured using a Rame-hart NRL contact angle goniometer (Model 100, Landing, NJ) in the laboratory atmosphere. A water droplet of approximately 20 mL was placed on the substrate surface and the contact angles were measured on both sides of the droplet. Three droplets were placed at various spots on the substrate surface and the average readings were reported.
X-ray photoelectron spectroscopy XPS analysis of the samples prior to incubation experiments was performed with a PHI 5500 system (Perkin Elmer, Wellesley, MA), using a monochromatic aluminum Ka X-ray radiation source (1486.6 eV) and AugerScan system control (RBD Enterprises, Bend, OR). The base pressure of the system was between 2-4 Â 10 À10 Torr. All measurements were conducted at a 458 take-off angle and the voltage and current of the anode were 15 kV and 13.5 mA, respectively. The pass energies for survey and multiplex scans were 117.4 and 23.5 eV, respectively. Element concentration on the sample surface was measured by XPS multiplex scan (spot size: $1 mm diameter).
Atomic force microscopy
All surface roughness measurements of samples before incubation experiments were acquired with a Digital Instruments Nanoscope IV controller and Dimension 3100 scanning probe microscope scanner (Veeco Instrument, Santa Barbara, CA). Height images (10 Â 10 mm 2 scan area) of samples were taken in ambient air using ultrasharp silicon NSG 10 cantilevers (NT-MDT, Moscow, Russia) with a resonance frequency of about 300 kHz. Tapping mode was used and the scan rate was 0.5 Hz. The radius of the tip was specified to be about 10 nm. Root-mean-square (RMS) roughness was obtained over the entire image area.
Adhesion assay
The adhesion of bacteria to surfaces was evaluated by the following means. Three disks of each untreated and modified silicone were sterilized in 70% ethyl alcohol for 5 min and then placed with the modified surface upwards in a sterile, 12-well flat-bottomed tissue culture plate (Corning Incorporated, Corning, NY). The samples were secured on the bottom using Teflon O-rings (Zatkoff Seals & Packings, Farmington Hills, MI). Three mL of bacteria suspension (1.0 Â 10 8 CFU/mL) were added to each well. Samples were then incubated at 378C at a 150 rpm shaker speed for 4 and 12 h. After the incubation period, samples were washed three times in 15 mL 0.01M PBS to remove nonadherent bacteria. The samples were then placed in 10 mL of PBS in 50 mL sterile centrifuge tubes (Corning Incorporated Corning, NY), and were sonicated (Branson 1510 R-MT, 70W, 42 KHz, Danbury, CT) for 10 min. This ultrasonication process was repeated four times with fresh PBS, to ensure complete detachment of all adherent bacteria. The sonicated solutions for each sample were combined in a centrifuge tube and diluted to 1:10, 1:100, and 1:1,000. Each of these diluents (0.05 mL) was spread over the surface of a TSA plate using an inoculating turntable (Fisher Scientific). These plates were then incubated at 378C for 24 h, and the number of colonies was counted.
Scanning electron microscopy
After incubation with the bacterial culture for 4, 12, and 24 h, samples were rinsed three times in 15 mL 0.01M PBS to remove nonadherent bacteria, and fixed with glutaraldehyde solution (2.5% in 0.01M PBS) for 1 h. The samples were then sequentially dehydrated for 10 min in 50, 70, 90, and 96% ethyl alcohol solutions, and then with absolute alcohol for 20 min. Samples were gold coated using a sputter coater (Ernest F. Fullam Incorporated, Latham, NY) at 50 mA for 25 s. A Hitachi S-2400 scanning electron microscope operated at 20 kV was used to examine the samples at a magnification of 2000Â. SEM images were obtained at nine equally spaced, nonoverlapping locations on the sample surface. SEM images were visually evaluated to semiquantify the extent of bacterial adhesion and colonization on the surfaces. A ranking scheme, which is similar to that of Cagavi et al. 7 was adopted: 
Statistical tests
For each sample, three sets of contact angle data and bacterial adhesion counts were obtained and analyzed statisti-cally with a one-way analysis of variance (ANOVA) using MINITAB 13 (Minitab). A subsequent student's t-test was performed to evaluate individual differences, with p < 0.05.
RESULTS
Stability test and contact angle measurements
The contact angle for untreated silicone was found to be 107.48 6 1.38. After treatment with oxygen plasma for 5 min, the surface was fully oxidized, and the contact angle reduced to 08. Upon coating with OTS and FAS, the contact angle increased to over 1008, resulting in hydrophobic surfaces. However, when heparin and hyaluronan were coated on OTS/silicone, the surface became hydrophilic with a contact angle of 55.38 (Table I) .
To determine the stability of the coatings in saline solution, the contacted angle for the coated silicone surfaces were measured as a function of time (Table I) . These results indicate that the outermost surface coated with OTS, FAS, heparin, and hyaluronan are stable for up to 30 days. Figure 1 shows characteristic AFM images of silicone, FAS/silicone, OTS/silicone, hyaluronan/OTS/ silicone, and heparin/OTS/silicone. The uncoated silicone surface exhibited a rough surface [ Fig. 1(a) ] and a high RMS value. The surfaces are much smoother upon coating [ Fig. 1(b-e) ]. The surface roughness of FAS/silicone, OTS/silicone, and hyaluronan/OTS/ silicone samples were also significantly reduced. However, there was no statistical difference between heparin/OTS/silicone and uncoated silicone. Table II shows the surface elemental composition of silicone, OTS/silicone, FAS/silicone, heparin/ OTS/silicone, and hyaluronan/OTS/silicone as control and after 5 days in saline solution at 378C. For the OTS/silicone, the C%, O%, and Si% were 50.4, 24.8, and 24.8%, respectively. After 5 days in saline solution, the C%, O% and Si% were essentially unchanged at 48.3, 29.7, and 22.0%, respectively. With the addition of the heparin layer, C%, O%, Si%, and N% were 50.8, 25.2, 20.4, and 3.6%, respectively. N was observed as new element on the heparin/OTS/ silicone indicating that the heparin was successfully coated onto OTS/silicone. After 5 days in saline solution, C%, O%, Si%, and N% were almost unchanged at 50, 24.6, 21.9, and 3.5%, respectively. Similarly, for the hyaluronan/OTS/silicone, C%, O%, Si%, and N% were 49.2, 26.3, 20.9, and 3.6%, respectively. The increase in N% indicates that hyaluronan is coated on OTS/silicone. After 5 days in saline solution, N% remained at 3.5%. For the FAS/ silicone, C%, O%, Si%, and F% were 24.3, 21.5, 13, and 41.2%, respectively, with the increase in F % indicating that FAS was coated on silicone. After 5 days in saline solution, F % was maintained at around 41%. On the basis of these results, the OTS/ silicone, FAS/silicone, and heparin/OTS/silicone, appear to be very stable for up to 5 days. Figure 2 shows a series of representative scanning electron microscope images of S. epidermidis after 4, 12, and 24 h incubation on silicone [ Fig. 2(a-c) ], FAS/silicon [ Fig. 2(d-f) ], OTS/silicone [ Fig. 2(g-i) ], hyaluronan/OTS/silicone [ Fig. 2(j-l) ], and heparin/ OTS/silicone [ Fig. 2(m-o) ]. For each sample, nine SEM images were obtained. Individual cells and/or clusters were observed on most of the images. Individual cells were about 0.5-0.8 mm in diameter, which agrees well with reported values. 41 After 4 h of incubation, numerous 10 mm and 20 mm colonies were observed on the silicone surface [ Fig. 2(a) ]. On the other hand, eight 5 mm and two 10 mm colonies were observed on FAS/silicone [ Fig.  2(d) ], nine 5 mm, five 10 mm, and one 20 mm colonies were observed on OTS/silicone [ Fig. 2(g) ] and eleven 5 mm and three 10 mm colonies were found on hyaluronan/OTS/silicone [ Fig. 2(j) ]. Moreover, numerous colonies ($10, $20, and $40 mm) were found on heparin/OTS/silicone [ Fig. 2(m) ]. The results indicate that bacterial adhesion and colonization are highest on heparin/OTS/silicone and are lowest on FAS/silicone at 4 h.
Surface roughness
XPS analysis
SEM images of bacterial adhesion and colonization
After 12 h of incubation, a significant increase in the number and size of colonies was observed on both silicone [ Fig. 2 5, and numerous grades 1 and 2 were observed on heparin/OTS/silicone, leading to a mean grading of grade 4. On the other hand, 10 grade 1, 8 grade 2, and 2 grade 3 colonies was observed on FAS/silicone resulting in a mean grading of grade 2. Table  IV shows the mean ranking of different surfaces at different incubation times. The lowest bacterial adhesion and colonization was observed on FAS/silicone, while the highest was noted on heparin/OTS/silicone at 4, 12, and 24 h. However, at 24 h, the mean ranking, as compared to 12 h, was decreased for silicone and heparin/OTS/silicone surfaces; while the mean ranking of OTS/silicone, FAS/silicone, and hyaluronan/OTS/silicone surfaces was unchanged.
Semiquantitative analysis using SEM images
Adhesion assay results Figure 3 shows the quantity of S. epidermidis adhered on different surfaces as a function of incubation time as measured by colony counts. For 4 and 8 h, the pattern of bacterial adhesion on the five different surfaces was found to be FAS/silicone < OTS/silicone < hyaluronan/OTS/silicone < silicone < hepa- rin/OTS/silicone. For 12 h, the pattern was somewhat different with hyaluronan/OTS/silicone having the fewest bacteria.
DISCUSSION
Silicone rubber has been the primary material used in shunt systems for the treatment of hydrocephalus for almost fifty years. Silicone has many desirable properties: it is highly flexible, nontoxic, and with low surface energy and good thermal and chemical stability. However, silicone is a foreign material, thus is more prone to infection than normal body tissue. Bacterial adhesion and colonization on the silicone surface leads to frequent CSF shunt complications. In the present study, we modified the silicone surface so that different degrees of hydrophobicity, surface roughness, and surface functional groups were obtained. The contact angle measurements and XPS results at each preparative stage demonstrated that the coatings were present and those silanes and polymer coatings were very stable over a 30-day period.
On the basis of SEM images and colony counting, FAS/silicone was found to inhibit bacterial adhesion and colonization. This result agrees with a similar study on fluoro-alkylsiloxane layers with different fluorocarbon chains chemisorbed on silicone rubber. 36 Blank silicone has functional groups (SiÀ ÀCH 3 and SiÀ ÀOÀ ÀSi) protruding from its surface, while FAS/silicone has a relatively large fluorinated carbon-chain [CF 3 (CF 2 ) 5 (CH 2 ) 2 ], which possibly may be a factor in reducing bacterial adhesion. This finding also supports the general belief that the long chain, lower surface energy of stable functional groups can inhibit bacterial adhesion. 35 Similarly, OTS/silicone with an alkyl chain of 17 methylene units [CH 3 (CH 2 ) 17 ] was found to reduce the bacterial adhesion and colonization. However, bacterial adhesion on FAS/silicone was 50% less than that of OTS/silicone, which can be attributable to the nature of terminal group (À ÀCF 3 ) on the FAS/silicone com- Comparing the extent of bacterial adhesion and colonization reduction on hyaluronan/OTS/silicone to silicone, it was found that bacterial adhesion on hyaluronan/OTS/silicone surfaces after 4 h incubation was about two times lower than at 8 and 12 h. This suggests that overall bacteria counts are the result of two processes: initial adhesion and subsequent colonization. In this case, the hyaluronan coating may have reduced initial irreversible adhesion by 28% as compared to silicone. However, after 8 and 12 h of incubation, the bacterial count was much lower compared to the other surfaces. Thus, the overall bacterial count approached that of OTS/silicone at 8 h; and finally exhibited the lowest bacterial count at 12 h. This suggests that the hyaluronan surface is not conducive to bacterial growth. A previous study also reported that hyaluronic acid inhibited the adhesion of S. epidermidis to material. 42 This may be attributed to a relatively high number of carboxyl groups, which generated a high concentration of acidic, negative charges and contributed to the reduction in S. epidermidis adhesion. However, another study indicated that the bacterial adhesion was increased when orthopedic implant polymers were exposed to hyaluronic acid before exposure to E. coli and P. aeruginosa. 43 The nature of the functional groups on hyaluronan may have a greater effect on growing and colonization leading to a lower bacterial adhesion after 12 h, while having less of an affect on the initial bacterial adhesion.
Nordmam and coworkers reported that polyvinyl chloride (PVC), silicone, and polyethylene (PE) with end-point attached heparin reduced S. epidermidis adhesion. 28, 29 Moreover, reduced E. coli attachment to the catheter surface was demonstrated for Latex, Teflon coated Latex and vinyl catheters with a heparin coating. 44 Also, adhesion of S. epidermidis to intraocular lenses (IOL) made of heparin-surface-modified poly(methyl methacylate) (PMMA) was found to be lower than PMMA alone, in an in vitro study. 45, 46 However, in our study, the adhesion of S. epidermidis on heparin/OTS/silicone after 4 and 12 h incubation was found to be significantly higher. This result is in contrast with several previous findings of bacterial adhesion on heparin surfaces. On the other hand, our findings agree with the study of Garcia-Saenz et al. 47 Moreover, it was reported that heparinized PE without preadsorbed serum increased bacterial adhesion over uncoated PE. 28 This increased adhesion may relate to the fact that heparin has an abundance of SO 3 À group and is an adhesion recipient for some Staphylococcus species. 48 However, different effects of heparin observed on bacterial adhesion may also be due to differences in the nature of bacterial strains, heparin coating methods, and experimental protocols. In addition, there are reports that heparin inhibited the adhesion of the protein on the shunt surface and thus reduced the risk of colonization. 49 Immobilization of protein on silicone surface can reduce bacterial adhesion by 75%. 50 A parallel study, using the same set of coated samples, also demonstrated the heparin/OTS/silicone surface pro- moted astrocyte and choroid plexus cell adhesion the most, while cell adhesion was inhibited on FAS/ silicone surface. 51 Interestingly, a similar bacterial adhesion trend was also observed for E. coli on the same set of samples. 52 There is still a debate on the importance of the effects of hydrophobicity on the surface on bacterial adhesion. Some authors reported that increasing hydrophobicity of polymeric biomaterials increased staphylococcal adhesion, 7, 28, 39 while other work has found no significant correlation between hydrophobicity of a material and bacterial adhesion. 53 In this study, bacterial adhesion on the hyaluronan/OTS/ silicone was found to be much less than on the heparin/OTS/silicone, even though both have almost same degree of hydrophilicity. On the other hand, bacterial adhesion was reduced on FAS/silicone, which is more hydrophobic than silicone. However, bacterial adhesion on OTS/silicone is less than silicone even though the silicone surface was more hydrophobic than the OTS-silicone surface. Therefore, there appears to be no direct correlation between hydrophobicity/hydrophilicity of a material and bacterial adhesion. As discussed earlier, however, the nature of surface function groups appears to play a significant role in determining bacterial adhesion and colonization.
Yet another factor in bacterial adhesion may be the surface roughness. The three modified silicone surfaces (FAS, OTS, and hyaluronan/OTS) are much smoother than silicone, and the degree of bacterial adhesion and colonization are indeed lower on these smooth surfaces. This suggests that the roughness of these samples may also be a factor for bacterial adhesion and colonization. Similar results have shown that rougher surfaces can lead to higher amounts of bacterial adhesion. 54 
CONCLUSION
S. epidermidis adhesion and colonization on modified silicone surfaces were analyzed by SEM and colony counting. The following conclusions can be made:
1. FAS, OTS, heparin, and hyaluronan coatings on silicone were stable as determined by contact angle measurement and XPS. 2. After 4 and 8 h of incubation, S. epidermidis adhesion is in the order of heparin/OTS/silicone > silicone > hyaluronan/OTS/silicone > OTS/ silicone > FAS/silicone. 3. Hydrophobicity of the surface did not appear be a determining factor on the overall bacterial adhesion. The nature of surface functional group and surface roughness have a significant influence on the initial adhesion and subsequent colonization processes.
These findings are helpful for devising novel strategies to reduce shunt infections.
